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ABSTRACT
The Polyakov’s “soldering procedure” which shows how two-dimensional diffeo-
morphisms can be obtained from SL(2,R) gauge transformations is discussed using
the free-field representation of SL(2,R) current algebra. Using this formalism, the
relation of Polyakov’s method to that of the Hamiltonian reduction becomes trans-
parent. This discussion is then generalised to N=1 superdiffeomorphisms which can
be obtained from N=1 super Osp(1,2) gauge transformations. It is also demon-
strated that the phase space of the Osp(2,2) supercurrent algebra represented by
free superfields is connected to the classical phase space of N=2 superconformal
algebra via Hamiltonian reduction.
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1. Introduction
In recent years, the Hamiltonian reduction of the phase space of the Wess-
Zumino-Novikov-Witten (WZNW) models with the gauge group SL(2,R) and its
graded extensions [1-6] provided more understanding not only of the structure
of conformal and superconformal algebras but also of the origin of non-compact
current algebra symmetries in the chiral gauge formulation of induced two dimen-
sional gravity and supergravity theories [7]. Classically, the Hamiltonian reduction
[3, 4] can be described as follows. A constraint is imposed on the affine currents
describing the phase space of the WZNW model. The constrained phase space
modulo gauge transformations, generated by the residual symmetry preserving the
constraints, is the phase space of the reduced theory.
In [4] by imposing a certain constraint on the SL(2,R) Kac-Moody current
algebra, an irreducible representation of the Virasoro algebra was obtained from
an irreducible representation of the SL(2,R) Kac-Moody current algebra using the
BRST formalism. This method is the quantum analogue of the Hamiltonian re-
duction. The hidden SL(2,R) current algebra symmetry in the Virasoro algebra
manifests itself in the chiral gauge formulation of induced two dimensional quan-
tum gravity [7]. The results of [4] were extended to the supersymmetric cases
in [5], in which the N=1 and N=2 superconformal algebras were obtained as the
Hamiltonian reduction of the bosonic Kac-Moody current algebras of Osp(1,2) and
Osp(2,2) respectively. In this construction, extra fermionic degrees of freedom have
to be introduced in order to get a consistent algebra of constraints.
In refs. [8,9], following the method of Polyakov in which the conformal trans-
formation of the stress energy tensor defining the phase space of Virasoro alge-
bra was derived from the restricted SL(2,R) gauge transformations, the N=1 and
N=2 superconformal transformations were derived as restricted N=1 Osp(1,2) and
Osp(2,2) supergauge transformations respectively. The method of Polyakov is sim-
ply a Hamiltonian reduction in disguise. This is best explained by using free fields
(Wakimoto fields) [10,11] to describe the phase space of SL(2,R) WZNW model.
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Introduce a scalar field φ and a pair of bosonic ghosts (β, γ) of dimensions (1, 0).
The Poisson brackets of these fields are given by
∗
{β(z1), γ(z2)}P.B =− δ(z1 − z2),
{∂z1φ(z1), φ(z2)}P.B =−
1
2k
δ(z1 − z2).
(1.1)
The SL(2,R) conserved classical currents can be written as
J+ =k∂zγ + 2kγ∂zφ− γ
2β,
J− =β,
J0 =− βγ + k∂zφ,
(1.2)
where k is the level of the SL(2,R) current algebra and {0,+,−} are the indices of
the SL(2,R) group. One way to construct the currents in terms of the free fields is
to set J− = β and write the most general form of J0 and J+ in terms of the free
fields β, γ and ∂zφ, which is then fixed by demanding that the Poisson brackets
of the currents satisfy the classical SL(2,R) current algebra [11]. The currents can
also be derived from the SL(2,R) WZNW model as follows. One can parametrize
the group element g of SL(2,R) by the Gauss product [2]
g =
(
1 0
γ 1
)(
λ 0
0 λ−1
)(
1 F
0 1
)
. (1.3)
Then the SL(2,R) WZNW action [12,13,14] can be written as
S ∼ k
∫
d2z
( 1
λ2
∂zλ∂z¯λ+ λ
2∂zF∂z¯γ
)
. (1.4)
The right-moving conserved currents derived from the action (1.4) are given by
J =
(
J0 J−
J+ −J0
)
= k∂zgg
−1
= k
(
∂zλ/λ− γλ
2∂zF λ
2∂zF
∂zγ + 2γ∂zλ/λ− γ
2λ2∂zF −∂zλ/λ+ γλ
2∂zF
)
.
(1.5)
∗ we suppress the space-time indices of the fields and parametrize the two dimensional space
time with coordinates (x, t) by z = t+ x and z¯ = t− x.
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By setting
kλ2∂zF = β, λ = e
φ, (1.6)
we get the expressions of the currents in (1.2) and the action (1.4) becomes an
action of a free scalar field and a bosonic ghost system,
S ∼
∫
d2z
(
k∂zφ∂z¯φ+ β∂z¯γ
)
. (1.7)
Polyakov’s partial gauge fixing [6] is given as
J− = k, J0 = 0, J+ = −T. (1.8)
Solving (1.8) in terms of the free fields gives
T = −k(∂2zφ+ (∂zφ)
2), (1.9)
which is recognized as the classical Feign-Fuchs equation [16] for the spin-2 gener-
ator describing the phase space of Virasoro algebra. The Poisson bracket of T is
calculated using (1.1) and is given by
{T (z1), T (z2)}P.B =
k
2
∂3z2δ(z1 − z2) + 2T (z2)∂z2δ(z1 − z2) + ∂z2T (z2)δ(z1 − z2).
(1.10)
The reason why J+ becomes a spin-2 field was explained in [6] as a result of
the “soldering” of the isospin space and the two dimensional space time in the
background J− = k. In terms of the free fields this can be explained as a result of
the fact that after the partial gauge fixing, the field γ originally of spin-0 becomes
a spin-1 field (γ = ∂zφ). In the classical Hamiltonian reduction method [2,4], the
constraint J− = k is first imposed. Then the constrained phase space has a one-
parameter residual symmetry generated by the Borel subgroup of SL(2,R), this
residual symmetry can be used to gauge away a further degree of freedom giving a
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reduced theory with one degree of freedom. An element of the space of the residual
symmetry that preserves the constraint J− = k is given by
u =
(
1 0
a 1
)
, (1.11)
where a is a gauge parameter. Under the finite residual gauge transformation
g → ug, (1.12)
The currents transform as
J → uJu−1 + k∂zuu
−1. (1.13)
Exploiting the gauge symmetry (1.13) and selecting the gauge parameter as (Drinfeld-
Sokolov gauge)
a =
1
k
J0, (1.14)
one can put J into the form
JDS =
(
0 k
−T 0
)
, (1.15)
where T , the coordinate of the reduced phase space is given by Eq.(1.9). This
demonstrates that Polyakov’s partial gauge fixing is equivalent to the Drinfeld-
Sokolov gauge in the Hamiltonian reduction method.
It has to be mentioned that there also exists another gauge choice, the so called
diagonal gauge in which the reduced space takes the form
Jdiagonal = k
(
∂zφ 1
0 −∂zφ
)
. (1.16)
The connection between the coordinates of the reduced space in the two different
gauges can be explained as follows. Consider the system of linear differential
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equations
(k∂z − J)
(
v1
v2
)
= 0, (1.17)
where v1 and v2 are the components of a two-dimensional vector. In the above
system of differential equations one can eliminate the component v2 and obtain a
gauge invariant second order differential equation for v1. Computing (1.17) in the
diagonal gauge gives
k∂zv1 − k∂zφv1 − kv2 =0,
k∂zv2 + k∂zφv2 = 0,
(1.18)
after eliminating v2 in (1.18) we get
k∂2zv1 − k∂zφ∂zφv1 − k∂
2
zφv1 = 0 (1.19)
The reduced space of Drinfeld-Sokolov gauge can be deduced from that of the
diagonal gauge as follows. Assuming we put the reduced space to the form
J =
(
0 k
−T 0
)
. (1.20)
Then computing (1.17) using this form of J , we obtain (after solving for v2 in terms
of v1) the differential equation
k∂2zv1 + Tv1 = 0. (1.21)
By identifying equations (1.19) and (1.21), we arrive at the form of T. The relation
which connects T to the free field ∂zφ is known as the Miura transformation [3,4].
The analysis of [8] suggests that the phase space of of N=1 Osp(1,2) current
algebras can be reduced to that of N=1 superconformal algebra. A similar obser-
vation has been made in [15] in which a quantum Hamiltonian reduction of super
Osp(1,2) Kac-Moody algebra has been performed.
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This work is organized as follows. In the next section, the results of [8] in
which Polyakov’s “soldering procedure” is used to show how two-dimensional N=1
superdiffeomorphisms can be obtained from N=1 Osp(1,2) gauge transformations
is discussed using the free-superfield realization of N=1 Osp(1,2) supercurrent al-
gebra. In section 3, we construct the free- superfield realization of N=1 Osp(2,2)
supercurrent algebra. Using this representation, we impose a certain set of con-
straints on the phase space of the supercurrent algebra and perform the classical
Hamiltonian reduction of the system. The resulting phase space is shown to have
the N=2 superconformal symmetry. Section 4 contains a summary of our results
and a discussion of the quantum theory.
2. Classical N=1 superVirasoro algebra
In this section the free-superfield representation of the Osp(1,2) supercurrents
[5] is used to verify the results of [8] in which the N=1 superconformal trans-
formations were derived as restricted N=1 Osp(1,2) supergauge transformations.
The N=1 Osp(1,2) supercurrent algebra can be described in terms of one scalar
superfield Φ, two pairs of superghosts (B,C) and (Ψ†,Ψ)
∗
of dimensions (1/2, 0)as
J
+ =kDC + 2kCDΦ+ 2CΨΨ† + C2B − kDΨΨ,
J
− =− B,
J
0 =BC + kDΦ+ΨΨ†,
J
− 1
2 =
1
2
BΨ−Ψ†,
J
+ 1
2 =kDΨ− kΨDΦ+ CJ−
1
2 ,
(2.1)
whereD = ∂θ+θ∂z and {0,+,−,−
1
2 ,+
1
2} are the Osp(1,2) group indices. Imposing
∗ The superghosts in components are expressed as B = b − θβ, C = γ + θc where (b, c) are
fermionic ghosts and (β, γ) are bosonic. Similarly Ψ† = α+ θψ† and Ψ = ψ+ θδ where the
ghosts (ψ†, ψ) are fermionic and (α, δ) are bosonic. We mention that it is the ghosts (β, γ)
and (ψ†, ψ) that appear in the free-field realization of the bosonic Osp(1,2) current algebra
[5].
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the partial gauge fixing of [8]
J
− = J0 = J+
1
2 = 0, J−
1
2 = k, J+ = −T, (2.2)
gives the following relations among the free superfields
B = 0, Ψ† = −k, DΦ = Ψ, C = −∂zΦ. (2.3)
These relations when sustituted back in T give,
T = k(∂zΦDΦ + ∂zDΦ). (2.4)
Obviously T is the Feign-Fuchs representation of a spin-3/2 superfield describing
the phase space of N=1 superVirasoro algebra. This can be easily demonstrated
by computing the Poisson brackets of the field components of T. Writing
T = G− θT, Φ = φ+ θψ, (2.5)
and using
{DΦ(z1, θ1),Φ(z2, θ2)}P.B = −
1
2k
θ12δ(z12), (2.6)
where
θ12 = θ1 − θ2, z12 = z1 − z2 − θ1θ2, (2.7)
the Poisson brackets of the component fields
T = −k(∂2zφ+ ∂zψψ + (∂zφ)
2), G = k(∂zφψ + ∂zψ) (2.8)
can be shown to satisfy the classical N=1 superVirasoro algebra,
{T (z1), T (z2)}P.B =
k
2
∂3z2δ(z1 − z2) + 2T (z2)∂z2δ(z1 − z2) + ∂z2T (z2)δ(z1 − z2),
{T (z1), G(z2)}P.B =δ(z1 − z2)∂z2G(z2) +
3
2
∂z2δ(z1 − z2)G(z2),
{G(z1), G(z2)}P.B =
k
2
∂2z2δ(z1 − z2) +
1
2
δ(z1 − z2)T (z2).
(2.9)
In the Hamiltonian reduction method, the partial gauge fixing (2.2) is equivalent
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to the Drinfeld-Sokolov gauge, i.e, imposing the constraints
J
− = 0, J−
1
2 = k (2.10)
and then using the residual gauge transformations (generated by the Borel super
subgroup) to set J0 and J+
1
2 to zero. However, in the diagonal gauge one uses the
residual gauge transformations to set J+ and J+
1
2 to zero. In this case the reduced
space is described by the free coordinate DΦ. The coordinates T and DΦ are
connected by the super Miura transformation. This connection can be explained
as follows. Consider the system of linear differential equation
kDv −


J
0 0 k
J
+ −J0 J+
1
2
J
+ 1
2 −k 0

 v = 0, v =


v1
v2
v3

 (2.11)
where v is a vector. This system of differential equations can be written into a
higher order gauge-invariant differential equation in terms of the component v1.
Computing (2.11) in the diagonal gauge gives
kDv1 − kDΦv1 − kv3 = 0,
kDv2 + kDΦv2 = 0,
kDv3 + kv2 = 0.
(2.12)
By solving these equation in terms of v1 we obtain
k∂zDv1 − k(∂zDΦ+ ∂zΦDΦ)v1 = 0. (2.13)
In the Drinfeld-Sokolov gauge one obtains from (2.11) the differential equations
kDv1 − kv3 = 0,
kDv2 +Tv1 = 0,
kDv3 + kv2 = 0.
(2.14)
9
Solving these equations in terms of v1 we get
k∂zDv1 −Tv1 = 0. (2.15)
Comparing (2.13) and (2.15) we get the expression of T. For a discussion of the
quantum hamiltonian reduction of N=1 Osp(1,2) supercurrent algebra the reader
is referred to [15].
3. Classical N=2 superVirasoro algebra
In this section, motivated by the construction of [9] in which it is shown that
N=2 superdiffeomorphisms are restricted N=1 supergauge transformations of a
supergauge theory with Osp(2,2) as a gauge group, we will consider in some details
the Hamiltonian reduction of the N=1 Osp(2,2) supercurrent algebra using its free-
superfield realization.
3.1. Free- superfield Realization of N=1 Osp(2,2) supercurrent
algebra
In this section an explicit construction of the free superfields describing the
phase space of N=1 Osp(2,2) WZNW model is given. The orthosymplectic group
Osp(2,2) is generated by four bosonic generators {l0, l−1, l1, lu} and four fermionic
generators {(l 1
2
)
1
, (l 1
2
)
2
, (l− 1
2
)
1
, (l− 1
2
)
2
}, which are represented as follows,
l0 =


1/2 0 0 0
0 −1/2 0 0
0 0 0 0
0 0 0 0

 l1 =


0 1 0 0
0 0 0 0
0 0 0 0
0 0 0 0

 l−1 =


0 0 0 0
1 0 0 0
0 0 0 0
0 0 0 0


lu =


0 0 0 0
0 0 0 0
0 0 0 1
0 0 −1 0

 (l 12 )1 =


0 0 1 0
0 0 0 0
0 −1 0 0
0 0 0 0

 (l 12 )2 =


0 0 0 1
0 0 0 0
0 0 0 0
0 −1 0 0


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(l− 1
2
)
1
=


0 0 0 0
0 0 1 0
1 0 0 0
0 0 0 0

 (l− 12 )2 =


0 0 0 0
0 0 0 1
0 0 0 0
1 0 0 0

 . (3.1)
A group element g ∈ Osp(2,2) can be represented by
g =


1 0 0 0
C 1 Ψ1 Ψ2
Ψ1 0 1 0
Ψ2 0 0 1




λ 0 0 0
0 λ−1 0 0
0 0 G1 G2
0 0 −G2 G1




1 F ξ1 ξ2
0 1 0 0
0 −ξ1 1 0
0 −ξ2 0 1

 , (3.2)
where {C, λ, F,G1, G2} are bosonic superfields (G
2
1 +G
2
2 = 1) and {Ψ1,Ψ2, ξ1, ξ2}
are fermionic superfields. The N=1 super Osp(2,2) WZNW action [17,18] can then
be expressed as
S ∼ k
∫
d2zd2θ
(
D¯Φ0DΦ0 + D¯Φ1DΦ1
+ λ2(D¯C −Ψ1D¯Ψ1 −Ψ2D¯Ψ2)(DF +Dξ1ξ1 +Dξ2ξ2)
− 2λD¯Ψ1(G1Dξ1 +G2Dξ2)− 2λD¯Ψ2(G1Dξ2 −G2Dξ1),
(3.3)
where the covariant derivatives D and D¯ are given in terms of the holomorphic
and anti-holomorphic Grassmann coordinates θ and θ¯ by
D ≡
∂
∂θ
+ θ
∂
∂z
, D¯ ≡
∂
∂θ¯
+ θ¯
∂
∂z¯
. (3.4)
The holomorphic supercurrents of the super WZNW model are given by
J = kDgg−1 =


J
0
J
−
J
− 1
2
1 J
− 1
2
2
J
+ −J0 J
+ 1
2
1 J
+ 1
2
2
J
+ 1
2
1 −J
− 1
2
1 0 −J
u
J
+ 1
2
2 −J
− 1
2
2 J
u 0

 . (3.5)
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If the following change of superfields is performed
B = −kλ2(DF +Dξ1ξ1 +Dξ2ξ2),
Ψ†1 =
1
2
BΨ1 − kλ(G1Dξ1 +G2Dξ2),
Ψ†2 =
1
2
BΨ2 − kλ(G1Dξ2 −G2Dξ1),
(3.6)
then the super WZNW action in (3.3) becomes an action of free superfields
S ∼
∫
d2zd2θ
(
kD¯Φ0DΦ0 + kD¯Φ1DΦ1 +BD¯C + 2Ψ
†
1D¯Ψ1 + 2Ψ
†
2D¯Ψ1
)
. (3.7)
In terms of the free superfields the supercurrents can be written as
J
+ =kDC + 2kCDΦ0 + 2C(Ψ1Ψ
†
1 +Ψ2Ψ
†
2) + C
2B
− kDΨ1Ψ1 − kDΨ2Ψ2 − 2kΨ1Ψ2DΦ1,
J
− =− B,
J
0 =BC + kDΦ0 +Ψ1Ψ
†
1 +Ψ2Ψ
†
2,
J
u =−Ψ1Ψ
†
2 +Ψ2Ψ
†
1 − kDΦ1,
J
− 1
2
1 =
1
2
BΨ1 −Ψ
†
1,
J
− 1
2
2 =
1
2
BΨ2 −Ψ
†
2,
J
+ 1
2
1 =kDΨ1 − kΨ1DΦ0 + CJ
− 1
2
1 −Ψ1Ψ2Ψ
†
2 + kΨ2DΦ1,
J
+ 1
2
2 =kDΨ2 − kΨ2DΦ0 + CJ
− 1
2
2 +Ψ1Ψ2Ψ
†
1 − kΨ1DΦ1.
(3.8)
where
G1 = sin Φ1, λ = exp (Φ0).
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3.2. Hamiltonian Reduction
Having constructed the phase space of the N=1 super Osp(2,2) in terms of free
superfields, we now proceed to show that this phase space can be reduced to that
of the N=2 superVirasoro algebra. The constraints we impose are the following,
J
− = 0, J
− 1
2
1 = 0, J
− 1
2
2 = k. (3.9)
An element of the space of the residual symmetry that preserves these constraints
takes values in the Borel super subalgebra generated by {l−1, l
− 1
2
1 , l
− 1
2
2 } and is given
by
U =


1 0 0 0
A 1 ǫ1 ǫ2
ǫ1 0 1 0
ǫ2 0 0 1

 . (3.10)
Under the finite residual gauge transformation
g → Ug, (3.11)
the supercurrents transform as
J→


1 0 0 0
A 1 −ǫ1 −ǫ2
−ǫ1 0 1 0
−ǫ2 0 0 1

J


1 0 0 0
−A 1 −ǫ1 −ǫ2
−ǫ1 0 1 0
−ǫ2 0 0 1


+ k


0 0 0 0
DA−Dǫ2ǫ2 −Dǫ1ǫ1 0 Dǫ1 Dǫ2
Dǫ1 0 0 0
Dǫ2 0 0 0

 .
(3.12)
If we select the gauge parameters as (Drinfeld-Sokolov gauge),
ǫ2 =
1
k
J
0, ǫ1 = −
1
k
J
u, A = −
1
k
J
+ 1
2
2 −
1
k
DJ0, (3.13)
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then (3.12) can be used to bring J into the following form
JDS =


0 0 0 k
X 0 Y 0
Y 0 0 0
0 −k 0 0

 , (3.14)
where X and Y , the coordinates of reduced phase space, are given by
X =J+ +
2
k
J
+ 1
2
1 J
u −
2
k
J
+ 1
2
2 J
0 −DJ
+ 1
2
2 − ∂zJ
0 −
1
k
DJ0J0 −
1
k
DJuJu,
Y =J
+ 1
2
1 −
1
k
J
0
J
u −DJu.
(3.15)
Substituting the expressions of the supercurrents in (3.15) and using the constraints
(3.9), we get
X =− k(∂zΦ1DΦ1 + ∂zΦ0DΦ0 ++∂zDΦ0),
Y =k(∂zΦ1 +DΦ0DΦ1).
(3.16)
In terms of the components,
Φ0 = φ0 + θψ0, Φ1 = φ1 + θψ1,
X = −(G1 − θT ), Y = U + θG2,
(3.17)
equation (3.16) gives,
T =− k(∂zψ1ψ1 + ∂zψ0ψ0 + ∂zφ1∂zφ1 + ∂zφ0∂zφ0 + ∂
2
zφ0),
G1 =k(∂zψ0 + ψ1∂zφ1 + ψ0∂zφ0),
G2 =k(∂zψ1 − ψ0∂zφ1 + ψ1∂zφ0),
U =k(∂φ1 + ψ0ψ1).
(3.18)
Using
{DΦ0(z1, θ1),Φ0(z2, θ2)}P.B =−
1
2k
θ12δ(z12),
{DΦ1(z1, θ1),Φ1(z2, θ2)}P.B =−
1
2k
θ12δ(z12),
(3.19)
the Poisson brackets of the coordinates {T,G1, G2, U} can be easily shown to satisfy
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the classical N=2 superconformal algebra,
{T (z1), T (z2)}P.B =
k
2
∂3z2δ(z1 − z2) + 2T (z2)∂z2δ(z1 − z2)
+ ∂z2T (z2)δ(z1 − z2),
{T (z1), G1(z2)}P.B =δ(z1 − z2)∂z2G1(z2) +
3
2
∂z2δ(z1 − z2)G1(z2),
{T (z1), G2(z2)}P.B =δ(z1 − z2)∂z2G2(z2) +
3
2
∂z2δ(z1 − z2)G2(z2),
{T (z1), U(z2)}P.B =δ(z1 − z2)U(z2) + ∂z2δ(z1 − z2)U(z2),
{G1(z1), G1(z2)}P.B =
k
2
∂2z2δ(z1 − z2) +
1
2
δ(z1 − z2)T (z2),
{G2(z1), G2(z2)}P.B =
k
2
∂2z2δ(z1 − z2) +
1
2
δ(z1 − z2)T (z2),
{U(z1), G1(z2)}P.B =
1
2
δ(z1 − z2)G2(z2),
{U(z1), G2(z2)}P.B =−
1
2
δ(z1 − z2)G1(z2),
{G1(z1), G2(z2)}P.B =−
1
2
δ(z1 − z2)∂z2U(z2)− ∂z2δ(z1 − z2)U(z2),
{U(z1), U(z2)}P.B =−
k
2
∂z2δ(z1 − z2).
(3.20)
The diagonal gauge is given by
ǫ1 = −Ψ1, ǫ2 = −Ψ2, A = −C. (3.21)
In this gauge J takes the following form
Jdiagonal =


kDΦ0 0 0 k
0 −kDΦ0 0 0
0 0 0 kDΦ1
0 −k −kDΦ1 0

 . (3.22)
The coordinates {X, Y } are connected to the coordinates {DΦ0, DΦ1} by the super
Miura transformation. This connection can be explained as in the previous cases
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as follows. Consider the system of linear differential equation
(kD − J)v = 0, v =


v1
v2
v3
v4

 . (3.23)
Computing (3.23) in the diagonal gauge gives
kDv1 − kDΦ0v1 − kv4 = 0,
kDv2 + kDΦ0v2 = 0,
kDv3 − kDΦ1v4 = 0,
kDv4 + kv2 + kDΦ1v3 = 0.
(3.24)
By solving these equation in terms of v1, the following gauge-invariant differential
equation is obtained,
k
(
∂zD− (∂zΦ0v1+DΦ0∂zΦ0) + k(∂zΦ1+DΦ0DΦ1)
1
D
(∂zΦ1+DΦ0DΦ1)
)
v1 = 0.
(3.25)
In the Drinfeld-Sokolov gauge, (3.23) becomes
kDv1 − kv4 = 0,
kDv2 −Xv1 − Y v3 = 0,
kDv3 − Y v1 = 0,
kDv4 + kv2 = 0.
(3.26)
Similarly, by solving these equations in terms of v1 we get
k∂zDv1 +Xv1 + Y
1
D
(Y v1) = 0. (3.27)
Comparing (3.25) and (3.27) we get the expressions of X and Y in (3.16).
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4. Discussions
In this letter, the Hamiltonian reduction of the SL(2,R) current algebra is re-
viewed using its free-field realization. We also have demonstrated the equivalence
of this formalism to Polyakov “Soldering procedure”. The results of [8] were also
verified using the free-superfield realization of of the N=1 Osp(1,2) supercurrent
algebra. Motivated by the results of [9] in which the Polyakov method has been em-
ployed to extract the N=2 superconformal transformations from the N=1 Osp(2,2)
supergauge transformation, we have considered the classical Hamiltonian reduc-
tion of the N=1 Osp(2,2) supercurrent algebra using its free-superfield realization.
The reduced phase space was shown to exhibit the classical N=2 superconformal
algebra. Our construction can be extended to the cases of N=1 Osp(n, 2) (n > 2)
supercurrent algebras. We expect that these algebras will reduce to the O(n)-
extended superconformal algebras found by Bershadsky and Knizhnik [19].
Finally we give some comments on the quantum theory. The quantum WZNW
model with a group G is a superconformal and super G Kac-Moody invariant two
dimensional field theory. The super stress-energy tensor T constructed from the
super Kac-Moody currents via the super Sugawara construction [17,18] together
with the supercurrents satisfy the following operator product expansion
T (z1, θ1)T (z2, θ2) ∼
c
6
1
z312
+
3
2
θ12
z212
T (z2, θ2) +
1
2z12
DT (z2, θ2) +
θ12
z12
∂T (z2, θ2),
T (z1, θ1)J
(a)(z2, θ2) ∼
1
2
θ12
z212
J
a(z2, θ2) +
1
2
D2J
a(z2, θ2)
z12
+
θ12∂z2J
a(z2, θ2)
z12
,
J
a(z1, θ1)J
b(z2, θ2) ∼
k/2ηab
z12
+
θ12f
ab
cJ
c(z2, θ2)
z12
,
(4.1)
where ηab and fabc are the metric and structure constant of the Lie algebra G of
G. The central charge of the superVirasor algebra is given by
c =
3
2
(
1−
2Cadj
k
)
dimG, (4.2)
where Cadj is the dual Coexeter number of the group G and dim is the dimension
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of the group G (in the case when G is a supergroup the dim is replaced by the
sdim, where sdim is the dim of the bosonic generators minus the dim of the
fermionic generators of the group G). The second equation in (4.1) means that all
the supercurrents have the dimension 1/2 with respect to the super stress-energy
tensor T .
In the analysis of [4] where the quantum Hamitonian reduction of the SL(2,R)
bosonic current algebra is considered, the stress tensor has to be modified in order
that the constraints are consistent with conformal invariance. However, in the case
of the Hamiltonian reduction of the bosonic Osp(1,2) current algebra [5], after
imposing the constraint J− = 1 and modifiying the stress tensor as in the case of
SL(2,R), additional Majorana fermion has to be introduced for the closure of the
algebra of constraints. Similarly, in the Hamiltonian reduction of Osp(2,2) current
algebra two Majorana fermions have to be introduced in order that the constraints
form a closed algebra.
In [15] where the quantum Hamiltonian reduction of the Osp(1,2) supercurrent
algebra is considered, an appropriate super stress-energy tensor is constructed by
modifying the Sugawara form of the super stress-energy tensor as
T ′ = T − ∂zJ
0. (4.3)
In this construction no additional structure has to be introduced as the superspace
constraints are consistent and form a closed algebra. This is because the superspace
current J(−
1
2
) is of dimension 0 with respect to T ′.
The same situation obviously arises in the quantum Hamiltonian reduction of
Osp(2,2) supercurrent algebra. After modifying the super stress-energy tensor as
in (4.3), the supercurrents J
(− 1
2
)
1 and J
(− 1
2
)
2 are both of dimension 0 and the alge-
bra of constraints closes without introducing extra fermions. Then following the
standard procedure of quantizing a system with constraints, one introduces three
superspace ghost systems (corresponding to the three constraints), (b(z, θ), c(z, θ)),
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(η(z, θ), ζ(z, θ)) and (η′(z, θ), ζ ′(z, θ)) with dimensions (−12 , 1), (0,
1
2), and (0,
1
2) re-
spectively. In components, these superghosts are given as
b(z, θ) = b1 + θb2, c(z, θ) = c1 + θc2,
η(z, θ) = η1 + θη2, ζ(z, θ) = ζ1 + θζ2,
η′(z, θ) = η′1 + θη
′
2, ζ
′(z, θ) = ζ ′1 + θζ
′
2.
(4.4)
The ghosts (b2, c1), (η1, ζ2) and (η
′
1, ζ
′
2) are all anticommuting and have the di-
mension (0, 1) while the pairs (b1, c2), (η2, ζ1) and (η
′
2, ζ
′
1) are all commuting and
have the dimensions of (−12 ,
3
2), (
1
2 ,
1
2) and (
1
2 ,
1
2) respectively. The total super
strees-energy tensor Ttotal of the system is the sum of the modified super stress
energy tensor and that of the superghosts. The superghosts contribute +3 to the
superconformal anomaly. Thus the total central charge of the reduced theory is
given by
ctot = −6k + 3. (4.5)
In order to complete the quantum Hamiltonian reduction, the reduced Hilbert
space must be obtained. One has to construct the BRST operator and study
its cohomology following [4,5,15]. Then this cohomology must be shown to be
isomorphic to an irreducible representation space of the N=2 superVirasoro algebra
with central charge c = 3p/(p + 2) (where k = 1/(p + 2)). We hope to report on
this in a future publication.
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